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1.0  INTRODUCTION 

The  Atlantic  Hurricane  Strike  Probability  (STRIKPA) 

model  is  an  interim  step  in  the  development  ol  the  Atlantic 
Wind  Probability  (WINDP-ATL)  model.  The  concepts  are  for 
the  most  part  identical  to  the  western  Pacific  and  eastern 
Pacific  models.  The  exceptions  are  the  way  forecast  dif¬ 
ficulty  is  treated  and  the  number  and  listing  of  stations 
for  which  strike  probabilities  are  routinely  computed. 

2.0  MODEL  DESCRIPTION 

2 . 1  Basis  for  Forecast  Difficulty  Estimation 

The  basis  for  forecast  difficulty  estimation  follows 
Crutcher  (1980)^.  Using  a  clustering  model  (NORMIX)  Crutcher 
identified  three  discrete  bivariate  normal  populations  of 
24-hour  forecast  errors  in  the  Atlantic  Basin  for  the  years 
1970-1979.  These  are  illustrated  by  SOTt  probability  ellipses 
in  figure  1. 

Some  modifications  to  Crutcher's  work  was  necessary. 
The  errors  he  used  were  adjusted  for  warning  position  error 
(WPE),  but  since  this  cannot  be  specified  operationally  it 
was  necessary  to  replace  this  adjustment.  An  implicit  assump¬ 
tion  here  is  that  the  reintroduction  of  the  WPE  does  not 
change  the  clustering.  For  any  position  on  figure  1  (any 
24-hour  forecast  error)  there  is  a  unique  set  of  three  prob¬ 
abilities  whose  sum  is  unity  which  is  associated  with  the 


^Crutcher,  H.L.,  1980;  Tropical  Storm.  Forecast  Error  and  the 
Bivariate  Normal  Distribution.  13th  Tec.  Conference  on 
Hurricanes  and  Tropical  Meteorology.  AMS,  Miami,  FL,  1-5 
Dec  1980. 


Figure  1.  Fifty  percent  probability  ellipses  of  2A-hour 
forecast  errors  for  difficulty  class  ONE,  TWO  and  THREE 
forecasts.  The  size  of  the  ellipses  increase  with  increasing 
class  number.  Units  are  n  mi. 


three  populations.  Three  population  probabilities  were 
determined  for  each  case  with  the  U’PE  remo\ed.  The  ViPEs 
were  then  reintroduced  and  the  population  statistics  were 
recomputed.  Table  1  compares  statistics  for  the  three 
populations  with  the  WPE  removed  (provided  by  Crutcher  lf>r 
years  1970-1979)  to  those  with  the  WPE  (1970-1978;  1979 

was  withheld  for  testing). 


POPULATION  ONE  TWO  THREE 


WPE 

No  WPE 

WPE 

No  WPE 

WPE 

No  WPE 

W-E  Mean 

-16.9 

-16.0 

14.9 

13.1 

11.0 

8.  6 

S-N  Mean 

9.7 

5.1 

6.9 

1.8 

-8.2 

-14.3 

W-E  St  Dev 

72.3 

69.6 

86.0 

90.0 

154.7 

167.4 

S-N  St  Dev 

65.4 

62.6 

88.8 

85.3 

127.1 

132.2 

CORK  COEF 

(W-E  error 
to  S-N 
error) 

-.206 

-.212 

.391 

.452 

.237 

.25' 

Table  1.  Comparison  of  bivariate  normal  parameters  with  and 
without  warning  position  error  (WPE).  The  'V.TE' 
column  was  based  on  24-hour  forecasts  for  years 
1970-1978,  while  those  in  the  'No  WPE'  column,  not 
only  have  been  adjusted  for  WPE,  but  also  Include 
one  additional  year,  1979.  Units  are  nmi . 

Some  of  the  differences  in  Table  1  are  attributable 
to  the  withholding  of  1979  from  the  data  set,  but  most  are 
clearly  related  to  the  reintroduction  of  the  WPE.  In  any 
case  the  differences  do  not  appear  to  be  of  the  magnitude 
that  would  influence  the  clustering  measurably. 
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CLASS 

ONE 

TWO 

THREE 

NA 

V'P 

EP 

NA 

WP 

EP 

NA 

WP 

EP 

24 

li 

81 

99 

94 

99 

130 

97 

160 

148 

132 

48 

h 

200 

204 

176 

236 

251 

188 

325 

286 

254 

72 

h 

362 

324 

275 

394 

378 

297 

477 

407 

393 

Table  2.  Average  forecast  errors  (n  mi)  for  difficulty  classes 
ONE,  TWO  and  THREE  as  defined  for  the  northwestern 
Pacific  (WP) ,  northeastern  Pacific  (EP)  and  the 
North  Atlantic  (NA)  ocean  basins. 

For  comparison  purposes  the  estimated  average 
forecast  errors  for  the  three  Atlantic  hurricane  forecast 
populations  have  been  compared  with  difficulty  classes 
0.\'E,  TWO  and  THREE  in  the  northwest  and  northeast  Pacific 
ocean  basins  (Table  2).  In  the  Pacific,  the  method  of 
separation  was  quite  different  not  only  from  the  Atlantic, 
but  for  the  two  Pacific  basins .  Nonetheless,  Class  ONE  in 
each  case  represents  the  easier  forecasts  and  class  THREE 
the  more  difficult.  Class  TWO  appears  to  be  less  related 
in  the  different  basins,  resembling  more  class  THREE  in 
the  western  Pacific  and  Class  ONE  in  the  eastern  Pacific. 

In  the  .Atlantic,  class  TWO  appears  to  retain  a  separate 
character . 

One  can  see  evidence  of  a  variety  of  distinctions 
between  conditions  in  the  three  ocean  basins.  For  example, 
positioning,  with  combinations  of  .satellite,  land  radar  and 
aircraft  is  far  superior  in  the  Atlantic.  This  shows  up 
b(,‘st  in  the  short  range  (Class  ONE)  easiest  forecast.  Fore¬ 
cast  errors  are  in  general  less  in  the  eastern  Pacific  for 
sfneral  reasons,  but  major  among  these  are  the  rapid  demise 
(hence  nc^n  verification)  of  recurving  cyclones  and  the 
dominance  of  highly  persistant  westward  tracks.  Long  range 
(72-hour)  forecasts  are  much  better  in  the  western  Pacific 
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than  in  the  Atlantic  while  short  ranfre  forecasts  are 
generally  better  in  the  Atlantic.  These  di  1' f'erences  are 
no  doubt  related  to  (a)  more  abundant  rect^nna  i  ssancc>  in  the 
Atlantic  (improves  short  range  forecasts);  (b)  c^mphasis  on 
long  range  forecasts  in  the  military  oriented  w('stern  Pacific 
forecasts,  versus  the  short  range  public  warning  for<a-ast  , 
and  (c)  a  greater  frequency  of  low  latitude  (and  htuice 
easier  long  range  forecast)  cyclones  in  the  western  Pacific, 

Figure  2  shows  the  three  populations  for  the 
Atlantic  as  sets  of  nested  SOT  ellipses  at  0,  12,  24,  -48 

and  72  hours.  It  is  apparent  that  although  clustering  was 
performed  on  24-hour  forecasts,  contrast  between  populations 
is  present  at  all  time  intervals. 

Several  methtuls  were  tried  in  the  current  work  to 
identify  conditions  attendant  with  forecasts  in  each  of 
the  three  groups.  To  set  t  lie  stage  for  this  investigation 
one  can  think  of  a  particular  forecast  error  as  a  point 
on  figure  1.  Points  near  the  origin  could  likely  have  camie 
from  any  of  the  three  populations  while  points  far  removed 
are  much  more  likely  to  have  come  from  the  large  error  pop¬ 
ulation  (population  THREE).  Thus  we  can  ne\er  spc'cify  with 
certainty  from  which  population  a  particular  foiu'cast  i,“ame 
even  after  we  can  verify  its  error.  It  is  even  more  dif¬ 
ficult  to  establish  before  hand,  into  whic'h  population  an 
error  wi  1  1  fa  1  1  . 

After  the  fact,  we  can  establish  the'  relative  prob¬ 
ability  that  an  error  came  from  each  of  the  populations. 

This  is  ba.sed  on  the  probability  density  (height  of  the 
probability  surface)  at  the  error  point  (i.e.,  on  figure  1) 
under  each  of  the  three  bivariate  normal  distributions.  The 


Figure  2.  Nested  fiftv  percent 
probability  ellipses  ior  0,12, 
2A,48  and  72  iiours.  Difficulty 
classes  ONE,  TWO  and  THREE  arc- 
top  to  bottoni,  figures  Za.  2b 
and  2c,  respectively.  L'nits  art 
in  n  mi. 


Figure  2a. 


Figure  2b. 


Figure 
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prob  1  t'tn  is  1  i  rs  t  to  1  ( >  r«  ‘(.'ti  s  t  t  ti<  'so  population  p  i-i  iba  b  i  I  i  '  i  >  -  . 
oi'  1  ho  posit  i. in  on  tipui’t*  1.  dnoc  thov  a  la  ^  loia-oast.  ('i,o 
must  oitiK'f  soloot  ono  population  on  u.so  a  ooj.'jb  i  na  l  i  on  ,  i  oi- 
probabi  1  i  t  \'  tnit'itosos  it  is  nioft'  lauisona  1' 1 1 '  to  us('  Lt  la.i:.- 
bintitioti  lor  two  itnportttnr  la-asotis. 

1.  Tlu'  rolativo  ja  robab  i  1  i  t  o  1'  an  orroi-  oomina 
Ifom  ;uiy  ono  population  is  rttroly  larpo  (  i  .o .  . 
■bO'').  Thus,  t  Ik'I'o  is  usually  a  sizablo  risk 
th;ii  the  uronp'  population  will  bo  usf'd . 

2.  .Any  in'ecii  ot  i  ve  sc-henu*  whic-h  seU'ots  ono  pop- 
uhition  will  b('  .son.sitivo  to  (.’han.uos  in  its 
prodiotors.  There  will  be  time’s  when  a  smtt  1  I  . 
porhaps  meaningless,  ehtmp'e  in  one  predic  tor 
will  alter  the  poinilation  seleetieui  ;ind  eauso 
a  la  rye  swiny  in  the  resultiny  strike  or  wind 
probabilities.  This  is  undosirtible  sinoo  it 
undermines  user  eonrideinu’  lui  r  t  i  ou  i  a  r  1  it 

the  [trohab  j  1  i  t  i  es  oscillate  ;i  t  oritiiuil  timos. 

2.1.1  Prodiciiny  the  Popuhition  Probttb  i  1  i  t  i  os  .  The  lo-st 
etbvious  metluul  ol  d  i  so  r  i  mi  na  t  i  ny  betwe’en  populations  is 
on  the  Itnsis  oi  yeo.yr;tphy.  Poitultition  O.N]'  tonds  to  bo 
asseu'iated  with  low  latitude  iropictil  eyelonos  in  tlu 
east  e'r  1  i  e's  .  Poptiltition  TllRPK  is  ttssoe' i  ;i  t  ed  with  hiuii  latitad 
and  rtwurtiny  or  ['os  t  -  reeurtat  t  ure  eyeloiu's.  Spood  o:  tot  ion 
anti  diroi’t  ion  ol  motion  .seems  tilso  to  In-  itn]ioriani  .  .s' ; , 

riiot  iny  storris  and  wf'stward  mo\iny  storms  are'  moro  I'tton 
poliulation  OM-  where  last  mo\iny  ;ind  north  or  iiorthoast  t  raok 
;ir('  predimii  na  t  o  I  y  population  TllHKK.  Popuhition  TWO  tioosn  '  t 
appear  to  hi'  roatlily  identilied  with  u.siijtlly  reooi’niued 
dilli  cully  t  actors  :ind  m;iy  rtither  be  a  Inlirid  yroup  wiiich 
are  otherwise  population  OXP  or  TllRPP  rocoyni.’od  incorrect  1\ 


i’\  '!.i  :  •  r*  las  t  t‘ r  ,  iii‘  they  may  lx-  unusual  1 1  >  la  .  a t  s  (  ;■ 

:  :  I  '  i  <  .  '  ■  I  I '  .  )  . 

liiaii'f  ;■)  shdUs  t  tu-  bi'ha  i  ( I  f  of  probab  i  i  i  i  ii- 
;  i  puial  O'Us  'I'WCl  and  'I'llHl.l.  a\‘oraK<'d  o\tr  si;:a  1  1  iui  •  i. 

laiiiLido,  Xi'tiic  thai  lh(.-  pi’oluib  i  1  i  !  i  las  a  ro  h  i  yii  <  ‘  i  .  b 

>r  i'oi'iiia:  loll  0N1-.  ai  l<j\v  latiludt-s  and  dtapi  iii  !  v.  i  t  u  i  ii- 
anasina  lat  itude.  Tlie  opimsitc  is  Iihk'  la.r  iu.pulai  i  '  a; 

Tii!'!  lb  I.irioar  co  rri"  1  a  t  i  ons  aru’  liiph.  aiarayo  iTabai.;  .  ;  i 
'  ■;  aia'  i'a;  OXb,  TiVO  and  THKEK  uofiailated  to  lat-itudo 
^  i  !  i  a  i  onl  s  of  -0.83,  0.03  and  0.77.  Cortainl\-  tin-  fir.-! 
aad  Iasi  a  no  h  i  all  onouph  so  tlial  latiludo-  should  bo  an  ov_ 
'oiKnl  rrodiaior  for  tho  mcra^e  oase.  In  indixidiial  ;  a  la 
I  .a- 1  s  ,  !iouc\or,  ihose  oorrolation  coo  1  I  i  c- i  en  t  s  drojj  .',liai’;j!\ 
to  -11.30  and  0.27,  I'ospocl  i  \'e  1  y .  Since  The  prosoiu  intoi'o- 
!s  in  indi\idual  cast's  lht>  hiiih  composile  coi'i’o  1  a  i  i  on  is 
a  s  o  1  o  s  s  . 


i  nip  1  usiny  avernyo  values  on  a  Kcoarajih  i  c  tiTid 
o'  !a(-lon  Marsden  s<iuare.s)  pivivides  lirtlo  lariabiijt 
in  ilio  popuialioti  probabilities.  Prior  screening  on  direct  io 
■■('(■otl  incrtaises  the  variability,  but  the  further  strati  ficati 
rociiicos  the  ciisi'  numbers  fallina  within  5°  sc|uares  to  the 
•  Mo’il  that  cons  i  derab  1  f'  smoothing  is  necessary.  Such  siiiooin 
nas  thc‘  (‘(feet  of  desti’oying  the  contrast  creati'cl  by  }.>rior 
.  orooii  i  ng  . 

.•\  set  ol  typical  dil'liculty  predictors  was  created 
and  matched  with  the  population  probabilities.  Tht'  n'>.'ans  , 
-tandard  dt'viations  and  tht'  correlation  matri.N  are  gi\eii  in 
raolo  3.  .As  can  be  .set'n  from  Taltle  3,  the  ji  rohab  i  I  i  t  i  es 
!  iy  ,  IX,  and  f  )  are  not  wt' 1  1  correlatt'd  with  any  ol  the 
;  I  :ani<  I  ers  usual  1\’  relatt'd  tf)  forecasting  dil'liculty. 


Hiiut' \.e  i‘ ,  the  lar^ei’  rori'e  1  a  t  i  oils  (  -0  .  I  1  )  aia^  s  i  jirii  1  i  can  1 
Uissuminii:  about  ono- fourth  of  the  822  casc.-^  (200)  aia- 
i  ndopendtuit  ) .  Stepwisi'  linear  rep:r<>ssion  etiualions  wore 
lit  to  the  data.  The  etiualions  are  al.st)  p:i\t‘n  in  Table  2. 
These  et|Uatit)ns  were  tested  on  1979  loiuH-asts  as  indejtendent 
data,  and  the  correlation  between  the  obserted  and  predicteti 
probabilities  was  .36  for  P|  and  .32  for  P^.  1^,^  was  nega¬ 

tively  correlated  with  its  predicted  value  so  it  will  be 
treated  as  a  slack  variable  ( P^= 1 -P ^ -P^ ) . 

Once  the  probabilities  are  predicted,  they  are 
adjusted  in  two  ways. 

(1  )  Each  ol'  the  probabilities  is  constrained  to 

be  0  <  P .  <  1  . 

—  1  — 

(2)  As  mentioned  above  probability  P^  is  set 
equal  to  1  -  P^^  -  P^- 

2,1.2  Usinp:  the  Predicted  Population  Probabilities  in 
the  Model.  The  strike  probability  code  generates  three 
runs;  each  run  using  the  bivariate  parameters  from  a  dif¬ 
ferent  population.  The  final  probabilities  are  a  sum 
weighted  by  the  predicted  population  probabilities.  Sym¬ 
bolically  this  is 

3 

P( O  =  ^  P(c  |k=i  )  P(k=i  ) 
i  =  l 

where  P( t )  is  the  probability  of  some  event  t ,  P(cik=i)  is 
the  probability  of  event  t  given  that  we  have  a  population  i 
IDiwHuisl.  and  P(k=i)  is  the  probability  that  the  current 
forecast  is  indeed  from  population  i. 


REGRESSION  EQUATIONS 

PI  =  0. 3176  -  .00201AT  + 
P2  =  0.3283  + 
P3  =  0. 3628  +  .OOOALAT  - 


.0012LON  +  .0006Vm  -  .0049U  - 
.0005LON  .0023U  + 
.0017LON  +  .0003Vm  +  .0200U  - 
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/  This  equation  was  ^ 
1  not  used.  See  ) 

006AV 

^section  2.1,1 

:5.0  OPERATIONAL  PRODUCTS 

The  strike  probability  product  will  be  available 
under  operational  evaluation  durinp:  the  1981  hurricane 
season  tor  the  North  Atlantic. 

Product  Tropical  cyclone  strike  probabilities 
for  preselected  jioints.  This  can  be 
disseminated  automa  t  i  ca  1  1  \’  to  a  distri¬ 
bution  list  by  Fleet  Nuim.-rical  Oceanoa  ra!)h\ 
Center  ( FNOC )  \ia  AL'TODIN  initial  1\'  and 
po.ssibly  latei-  \ia  the  Automated  Wtuithei- 
Network  (AiVN).  Included  in  this  product 
will  be  a  table  (tf  forecast  confidence 
estimttes  lOr  the  Na\’al  Ea.stern  Oceano¬ 
graphy  Center  (NEOC)  Norfolk,  VA . 


This  product  could  be  generated  routinely  by  FNOC 
upon  receipt  of  the  NEOC  Norfolk  retransmission  of  NHC  .Miami's 
tropical  w’arning  every  six  hours.  The  message  would  give 
the  probabilities  of  a  particular  tropical  cyclone  being 
within  75  n  mi  (left)  or  50  n  mi  (right),  relative  to  lore- 
cast  track,  of  twelve  preselected  points  of  Navy  interest 
and  seventeen  points  of  Air  Force  interest.  Although  sub¬ 
ject  to  change  the  points  currently  listed  within  the 


program  are: 

Navy  Points 

Roosevelt  Roads,  PR 
Guantanamo,  Cuba 
Key  West,  FL 
Pensacola,  FL 
New  Orleans,  LA 
Corpus  Christ! ,  TX 
Mayport ,  FL 
Charleston,  SC 
Mo rehead  City,  NC 
Norfolk,  VA 
New  London,  CT 
Bermuda,  BWI 


Air  Force  Points 

Howard  AFB,  Panama 
MacDill  AFB,  FL 
Tyndall  AFB,  FL 
Eglin  AFB,  FL 
Keesler  AFB,  MS 
Ellington  AFB,  TX 
Bergstrom  AFB,  T.X 
San  Antonio  Basin,  TX 
Homestead  AFB,  FL 
Patrick  AFB,  FL 
Hunter  AAF ,  GA 
Myrtle  Beach,  SC 
Andrews  AFB,  MD 
Dover  AFB,  DE 
Atlantic  City,  NJ 
McGuire  AFB,  NJ 
Pease  AFB,  NH 
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The  strike  probabilities,  computed  upon  receipt  of  each  6- 
hourly  warning  and  given  at  12-hour  intervals  aftei-  warning 
time,  are  presented  in  two  forms.  The  first  is  the  in¬ 
stantaneous  probability,  valid  at  a  single  instant  of  time 
only.  The  second  is  a  time  integrated  probability  --  the 
probability  that  a  strike  will  occur  at  some  time  between 
the  effective  time  of  the  warning  and  multiples  of  12  hours 
thereafter.  Similarly  probabilities  of  30  and  50  kt  winds 
are  expected  to  be  added  to  this  message  at  a  later  date. 

Additionally  the  program  could  be  run  upon  special 
request  although  the  implementing  software  is  not  now  in 
place.  The  user  would  make  his  request  to  FNOC  \ia  AUTODIN. 
He  would  include  information  sufficient  to  identify  the 
tropical  cyclone,  the  point  of  concern  (latitude/longitude), 
and  the  radii  about  that  point  describing  the  area  considered 
to  constitute  a  strike.  The  output  would  be  in  the  same 
form  as  the  above  product  (i.e.,  instantaneous  and  time  inte¬ 
grated  strike  probabi 1 i t i es  at  12-hour  inter\als  after 
warning  time). 

An  e.xample  for  hurricane  David  at  0400  GMT  3  and  4 
Sep  1979  follows  to  illustrate  the  input  and  output.  .At  0400 
GMT  3  Sep  David  was  about  80  n  mi  ESE  of  Miami  with  90  kt 
maximum  winds.  He  was  expected  to  skirt  the  length  of  the 
Florida  east  coast  and  thereafter  go  inland  in  the  Carolinas 
on  a  recurving  track  up  the  Atlantic  seaboard.  Since  David 
was  still  on  a  northwest  track,  either  a  continuation  of 
that  track  into  the  Gulf  of  Mexico  or  the  forecast  recurva¬ 
ture  track  was  possible;  thus  stations  along  the  east  coast 
as  well  as  those  in  the  Gulf  of  Mexico  were  under  some 
threat . 
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Two  Atlantic  Strike  Probability  Prr)fj:rani.s  (STKIKPA) 
runs  lor  Da\id  are  discussed  below. 

Run  1  is  a  standard  FNOC  originated  run  at 
Od/0'400  GMT. 

Run  2  is  in  response  to  a  hypothetical  usei-  at 
03/0400  GMT  specifying  an  area  within  50  n  mi  of  Cape 
Kennedy  (28. 4N,  80. 6W).  His  request  would  have  gone  to  FN'OC 
via  AUTODIN  message  in  APR  format  (Table  4  gives  a  probable 
APR  format  when  and  if  individual  user  runs  are  provided). 
Required  input  would  be  at  lea.st  one  Area  ol  Concern  (lat/ 
long)  and  radii  to  the  left  and  right  of  that  point  (relative 
to  forecast  motion). 

Tables  5  and  6  illustrate  the  output  from  Runs  1 
and  2,  respectively.  These  tables  also  contain  some  descrip¬ 
tive  information.  It  should  be  noted  that  a  users  manual 
will  be  distributed  to  operational  users  of  STRIKPA  prior 
to  the  dissemination  of  this  product. 


BT 

UNCLAS//N03160 

TROPICAL  CYCLONE  STRIKE  PROBABILITY  REQUEST,  ATLANTIC 
Q92X0001 

/APR, AP(STRIKPA ) ,  (other  entries  on  this  line  as  required) 
/STM,NM(DAVID) ,NR(NA04) ,DH(7909030400)/ 

/ AOC , LA( 284N ) , L ) ( 806W ) , RL( 50 ) , RR( 50 ) / 


(as  many  AOC  lines  as  needed) 


/AAD, 

etc.  (as  needed) 

/PARA, 

/ERK/  (required  end) 

BT 

/STM:  Storm  line 

NM:  Name  of  cyclone 

NR:  Cyclone  number.  Ocean  Basin  NA=North  Atlantic 

DH :  Effective  Dat/time  of  warning.  DH( 7909030400 )  = 

030400Z  Sep  1979 

(Day  03  hour  0400  GMT) 

/AOC:  Are  of  concern  line 

LA:  Latitude  of  point  of  concern.  LA( 284N )=28 . 4 °  north 

LO;  Longitude  of  point  of  concern.  L09806W=80 . 6 °  west. 

RL :  Radius  of  area  of  concern  to  left  of  storm's  track 

RR:  Radius  of  area  of  concern  to  right  of  storm's  track. 

Usually  RL  is  greater  than  RR.  Default  values  of  75/50 
n  mi  will  be  used  if  both  RL  and  RR  are  ?.ero  or  blank. 

Note:  One  input  record  will  be  rewritten  for  each  /AOC  (including 

storm  information).  Request  message  in  accordance  with 
FLENUMWEACEN ,  1977:  ASWOCAS  Request  Procedures  Manual, 

Vol.  2. 

Table  4.  Sample  Automated  Product  Request  (APR)  System  Message'. 

This  information  is  tentative  since  soltware  to  accept 
this  request  is  not  currently  in  place. 
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Kun  1  Oulput  (Product  1) 
STRIKE  PROBABILITY  FORECASTS 


DAVID  OTOTOOZ 


Rt'OSE  ROADS 

THREAT 

NIL* 

G  LA.NTAXAMO 

THREAT 

N I  L 

KEY  WEST 

THREAT 

NIL 

PENSACOLA 

00  IN  IN* 

1  2 1 N I N 

24  ININ 

36ININ 

48IN0 1 

60IN0 1 

72 1  NO 2 

NEWOREEANS 

00  ININ 

12  ININ 

24  ININ 

36ININ 

48ININ 

60 IN IN 

72  I NO] 

CORPUR  CHR 

THREAT 

NIL 

MAY PORT 

OOININ 

124250 

240451 

360251 

480151 

600151 

72  I No  1 

CHARLESTON 

001 N IN 

1 2  ININ 

242333 

360833 

480333 

600233 

720133 

•iOREllD  CTY 

OOININ 

12  IN  IN 

240304 

360714 

480417 

600218 

7201 18 

NORFOLK 

OOININ 

12ININ 

24  ININ 

360306 

480411 

60031  3 

720214 

NEW  LONDON 

OOININ 

12ININ 

24  ININ 

36  ININ 

48IN01 

600104 

720207 

BERMUDA 

OOININ 

12ININ 

24ININ 

36ININ 

48ININ 

60 ININ 

72 1  NO  1 

FOR  NEOC 

NORVA : 

FORECAST  CONFIDENCE  TABLE 

TIME 

PROB 

DIST 

PROB 

DIST 

PROB 

DIST  are  radii  of  circles 
about  forecast  positions. 

12HR 

50 

50 

26 

75 

24 

PROB  are  probabilities  that 

24HR 

48 

100 

25 

150 

27 

verifying  position  will  be 
within  inner  circle,  between 

48HR 

33 

200 

25 

300 

42 

circles  or  outside  outer 

72HR 

28 

300 

24 

450 

48 

circle  respectively.  For 
example,  probability  that  24- 
hr  forecast  error  is  less 
than  100  nm  is  48%;  between 

PROBABILITIES  BASED  ON 

FOLLOWING 

FORECAST 

100-150  nm  is  25%;  and  greater 
than  150  nm  is  27%. 

iioCS  1  0S03080 


I-'ORECASTS:  fl 


123000805080  243250797085  483500770070  723800760065 


me  12  hr  Latitude  30 . ON  Longitude  80 . 5W  Max  Wind  80 


Kts 


I. AT/LONG  of  preselected  points  are  stored  within  program. 
Strike  is  predefined  to  occur  if  tropical  cyclone  passes 
within  75  nm  radius  (left)  or  50  nm  radius  (right)  ol  track 
of  tropical  cyclone. 


♦THREAT  NIL  means  all  probabilities  for  this  station  were  <0.5'(. 
IN  means  insignificant  ( <0 . 5^  )  . 

Table  5.  Output  from  Run  (1). 
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Run  2  Output  (Product  2) 

STRIKE  PROBABILITIES  FOR  TROPICAL  CYCLONE  DAVID 
FROM  030400Z  BASED  ON  FOLLOWING  FORECAST 

00243077G090  I226I0803I00  242800810065  483200815035  723600790025 
STRIKE  IS  BEING  WITHIN  50NM  RIGHT  AND  50NM  LEFT  OF  28. 4N  80 . 6W 
STRIKE  PROBS*’boiNIN  120101  241727  360428  480128  600128  72IN28 


24  17  27 


24  Time  24  hours  after  synoptic  time  030000GMT 

17  The  probability  of  a  "strike"  at  040000Z 

(030000  +  24  hr)  is  17% 

27  The  probability  of  a  "strike"  between  030000Z  and 
040000Z  (24  hour  period)  is  27% 

ABBREVIATIONS: 

Number  01-99;  strike  probability  in  % 

IN  =  insignificant;  p<0.5%  Prevents  representation 

of  0%  and  100%  which 
occur  only  as  an 
approximation . 


The  input  forecast  data  is  error  checked  i^nly  in  that 
the  tropical  cyclone  forecast  motion  is  computed  between  forecast 
points.  If  vector  motion  deviates  substantially  from  the  clima¬ 
tological  mean,  the  following  warning  message  will  appear  in  all 
products : 

***UNUS1'AL  MOTION  --  PLEASE  RECHECK  WARNING  DATA*** 

**Note  that  although  the  foreca.st  warning  time  is  040400Z.  the  OOININ  reflects 
an  extrapolation  of  minus  four  hours  to  040000Z,  whereby  the  program  is 
initialized.  All  subsequent  time  intervals  are  from  040000Z  i ni t ia li za t ion . 
This  minus  four  hour  extrapolation  is  an  internal  program  adjustment.  The 
00  position  in  the  "PROBABII.TTI  ES  BASED  ON  FOI.LOViNC:  FORECAST"  section  of 
the  output  message  is  also  an  extrapolated  position. 


Table  6.  Output  from  Run  (2). 


4.0  TKSTIXG 

The  1079  Atlantic  tropical  c-yclone  lurecast.s  were 
u i t hhe 1 d  (fom  the  developmental  data  as  a  test  set.  This 
.-^ei  consisted  of  245  nowcaists  and  214  12-hour  forecasts.  195 
24-iiour  lorecasts,  112  48-hour  forecasts  and  99  72-liour 
forectists  which  could  be  verified. 

The  testing  consisted  of  running  strike  probability 
lorecasts  off  Atlantic  hurricane  (and  lesser  tropical  cyclone) 
lorecasts  fur  12  .\avy  points  of  current  interest  and  an 
additional  24  points  scattered  throughout  the  open  water 
areas  of  the  North  .Atlantic  and  Gulf  of  Me.xico.  The  .Navy 
points  are  listed  in  section  3.0. 

Tables  7  and  8  compare  the  expected  to  observed 
number  of  "strikes".  Predictions  were  grouped  into  cells  of 
increasing  width,  <4a,  J  to  1**7,  1§  to  3^ a ,  etc,  and  strikes 
observed  based  on  best  track.  Time  integrated  probabilities 
!>\er  t  hours  were  verified  only  if  a  continuous  record  of 

ri lying  positions  was  available  for  t  hours.  This  prevents 
an  obvious  bias  by  excluding  of  necessity  those  that  die 
before  they  reach  a  station  but  including  those  which  strike 
within  the  first  few  hours.  This  is  progress! \el y  less 
i':.p(;rtant  in  shorter  range  forecasts. 

It  is  difficult  to  asses.s  the  significance  of  such 
information,  but  verification  is  obviously  necessary.  To 
illustrate  the  problem  in  establishing  the  significance  of 
differences  in  expected  vs  observed,  let's  assume  we  want 
to  use  a  test  on  whether  the  two  are  different.  One  such 
test  assumes  the  number  of  successes  (expected)  in  N 
Bernoulli  trials  is  given  by  PxN  where  P  is  the  probability 
(i!  a  single  success.  Our  P  is  the  forecast  strike  probability. 
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1 


i 


2A  Hour 


Hour 


A  I’  ^  E 

EXP 

OHS  CASES 

»:>*]» 

(>hS 

CAS 

EXP 

OH; 

0  -  v:: 

0 

0  6731 

0 

0 

362  7 

0 

0 

2974 

0 

0  75 

2 

2 

186 

4 

3 

429 

11%-  31% 

2 

2  56 

5 

6 

147 

3 

7* 

161 

3  2  A.  “  /  5  /c 

4 

1  59 

3 

5 

72 

0 

0 

0 

71 %-  151% 

7 

5  60 

0 

0 

0 

0 

0 

0 

151%-  311% 

13 

10  39 

0 

0 

0 

0 

0 

0 

311%-  631% 

0 

0  0 

0 

0 

0 

0 

0 

0 

631%-100  % 

_0 

0  0 

_0 

_0 

0 

_0 

_0 

0 

21 

18  7020 

10 

15 

4032 

7 

10 

3564 

Table  7.  Comparison  of  expected  to 

observed  number  of 

strikes 

based  on 

an 

independent  sample  of  1979  Atlantic  tropical  cyclone  forecasts.  Strike 
probabilities  were  computed  on  245  warnings  and  for  12  stations  plus  24  other 
points  in  the  open  Atlantic.  These  are  for  instantaneous  probabilities  and 
a  strike  was  considered  to  have  occurred  if  the  nowcast  probability  exceeded 
50%. 

*Dlfferences  are  significant  (a=0.05) 


-i  Hour 


EXP 

1>BS 

CASES 

.  \  . 

^  :  : 

0  -  1% 

0 

0 

6554 

0 

0 

3385 

0 

0 

2542 

i%-  11% 

0 

1 

53 

2 

0 

170 

3 

1 

226 

lU-  31% 

0 

0 

45 

3 

0 

122 

5 

0* 

213 

3l%-  71% 

3 

2 

59 

5 

0* 

93 

12 

1* 

240 

-1%-  151% 

5 

5 

50 

14 

15 

124 

23 

29 

210 

IS’r-  31  J% 

14 

10 

63 

18 

25 

88 

19 

32* 

91 

y-  6  31%' 

26 

23 

60 

17 

12 

37 

13 

10 

31 

6?i:-100  % 

12 

21 

28 

12. 

10 

13 

_9 

_8 

_ n 

71 

62 

6912 

69 

62 

4032 

84 

81 

3564 

Table  8.  1 

Same  as 

Table 

7  but  time 

integrated 

probabiliti 

es  are 

given. 

*Indlcates  differences  are  significant  (a=0.05) 
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U'f  can  use  a  binomial  distribution  to  see  if  oui’  obser\'ed 
"strike's"  is  e’lose'  enou^fti  to  the  e'Xpei-ted.  In  'fable  7.  I  ht' 
Worst  ce)mparison  was  3  expee-te-d  vs  7  obser\'ed  with  1(5  1  eases 
(  72-he)ur  instantaneous).  The  number  thre'O  was  arrived  at 
liy  noting;  the  averay:e  strike  probability  in  that  cell 
(  li  le)  3A‘^,' )  was  2b,  and  2‘.'  ol"  161  is  latunded  tej  3.  The*  stan 
(lard  de\iation  on  the  2''<'  is  l.l'I  usinp:  161  i  ndeite^ndent  cases 
Fi\t‘  percent  of  the  time  we  expect  the  "observed"  to  fall 
.'•’(>r('  than  1.96  standard  deviations  away  from  the  mean  or 
lit  side  the  inter\al  0  to  -1.2b.  Since  we  obser\ed  4.359 
t7/161),  we  miftht  be  alarmed,  this  represents  2.M  standard 
de\iations  away  from  2.00  which  is  significant.  The  problem 
o!  interdependence  can  be  seen  by  noting  there  are  ttnly 
195  2-l-hour  forecasts,  yet  there  are  (from  Table  7)  7020 
24-hour  strike  probability  forecasts.  These  are  obviously 
interrelated.  To  correct  for  this  we  usually  assume  one- 
fourth  of  the  cases  are  independent.  When  we  do  that  none 
(j  f  the  differences  in  Tables  7  and  8  are  significantly 
different.  With  or  without  this  assumption,  the  agreement 
between  obser\ed  and  expected  is  excellent. 

To  provide  more  insight  into  the  behavior  of  the 
STRIKP's  as  a  hurricane  threatens,  a  summary  of  the 
STRIKP’s  for  the  72  hours  prior  to  the  si.x  1979  strikes  on 
the  Navy  test  i^oints  is  provided  as  Tables  9  and  10.  Those 
profuibi  1  i  ties  which  were  counted  as  having  verified  as  a 
strike  are  underlined.  Some  which  verified  were  not  counted 
because  they  were  not  observable  during  the  entire  verifi¬ 
cation  period.  Notice  that  some  of  the  small  (under  2b) 
probabilities  actually  verified.  With  Frederick,  even  a  12- 
hour  lb  forecast  resulted  in  a  strike  on  Guantanamo.  That 
was  a  case  of  an  ill-defined  depression  whose  track  was, 
and  still  is,  in  doubt. 


HUffPICWiE  BOB  ..  NEW  OE'LEfWS  11  JULY  1?‘79  IbOOuMT 


BDB 

lOlbOOZ 

NEWDPLEHHS 

OCHMIH 

121H1H 

241825 

4oOc'28 

BOB 

1 

HEWOPLEHHS 

tiijlMIH 

1 2  02  02 

242039 

380439 

480139 

BOB 

1  1  ti4YiCiZ 

NEWOPLEHHS 

00 I HIM 

121921 

241847 

380347 

48  014  7 

BOB 

1  1  1  0  0  mZ 

HEyOPLEHHC 

ODIHIN 

124378 

240178 

BOB 

1  1 1  tiDOZ 

HEUOPLEAHS 

D«e4§l 

120192 

241 H92 

TPOPICftL  : 

TOPH  CLHUDETTE  ..  POOSEVELT  POHDS 

.  P.P. 

18  JUL'i 

1979  1 

ij  It  lil-’H'!' 

clhudette 

IblEOOZ 

POOCEPOHBS 

THPEHT 

iilL 

CLWHETTE 

1  EdZcioZ 

POOSEPOHOS 

THPEHT 

HIL 

CLHUriETTE 

1  704DCIZ 

POOSEPOHDS 

OOIHIN 

12IHIH 

240408 

llhuhette 

1 71 DDDZ 

POOSEPOHDS 

001 HI h 

121HIH 

241827 

clhudette 

171600Z 

POOSEPOHDS 

001 HI H 

122931 

240457 

381 H57 

48IH5r 

CLHUDETTE 

1722<iDZ 

POOSEPOHDS 

001  HI  H 

122859 

24IH^ 

38 1 H^ 

48;  I  N8  1 

r. 

CLHUDETTE 

1  eo44:i4:iz 

POOSEPOHDS 

000707 

120283 

241 He3 

381 H83 

481 H83 

'r01H8-:  7 

CLWJDETTE 

1 81  CKiDZ 

POOSEPOHDS 

00^^ 

121Hfefi 

241 H88 

381 H88 

48IH88 

tr-OlN^  7 

HUPPICHHE 

DHV ID  . . 

MHYPOPT. 

ELDPIDH 

4  SEPT 

1979  18ijU8HT 

DHVID 

01 1 800Z 

HHYPQPT 

001  HI N 

121H1H 

241  HIM  381  HI N 

4b*.‘c  fi 4 

DHVID 

01 2200Z 

HHVPQPT 

001  HI H 

121H1H 

241  HI H  380101 

484i.};<)7 

r  414,1. 1  *.  7 

DHVID 

O2O40IOZ 

HHVPDPT 

001  HI H 

121H1H 

24-1  HI  H  380101 

48 11. -.41 8 

H-  4.14.1,},  11 

DHVID 

021 OOOZ 

HHYPOPT 

001 HI H 

121H1H 

241 HIM  380cO4 

484141  41 

^  4 14,1.}  1 ,5  r 

DHVID 

021800Z 

HHVPDPT 

001 HI H 

121H1H 

241  HIM  38044)8 

48*141 

r  4  *4,(.j  1  4  * 

DHVID 

O22200Z 

HHYPOPT 

001 HI H 

121H1H 

844)304  380917 

4841.3  1  9 

4  i4,»  1  c* 

DHV I  D 

0.3  0401 OZ 

HHYPOPT 

001 HI H 

121H1H 

844)84)9  ■381*)24i 

48*1 4c  1 

t'.il'ccc  7 

DHVID 

0  51  <i<iOZ 

HHVPDPT 

001  HI H 

121H1H 

244)711  380819 

48  4l..-.c4t 

DHVID 

03 1 800Z 

HHVPDPT 

001 HI H 

120303 

242235  38 05 ill 

480238 

8  4' 41].^  . 

DHV  I  D 

HHVPDPT 

001  HI H 

122934 

242247  380548 

480c48. 

84'4i  1  48  7 

DHV  I D 

04044;iOZ 

HHVPDPT 

001  HI H 

1242501 

244)451  380251 

48*1 1 51 
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Table  9  .  Summary  of  strike  probabilities  prior  to  the  closest  point  I'l  ippr.'.i.e 
(CPA)  of  Hurricane  Bob  to  New  Orleans,  Tropical  Storm  Claudette  to  Koosivelt 
Roads,  P.R.  and  Hurricane  David  to  Mavport  ,  Florida.  Wiu-re  ioii.asts  veri- 
available  strike  probability  estimates  were  computed  7J  hours  prior-  tv-  r  PA. 
I'nderlined  probabilities  verified  in  a  "strike". 
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5.0  SUMMARY 

The  strike  probability  concepts  have  been  thoroufthly 
tested  in  operational  use  and  with  independent  testinji  in 
the  western  Pacific.  The  extensions  of  those  concepts  to 
the  Atlantic  are  based  on  sound  statistical  principles.  The 
Atlantic  model  independent  test  results  show  excellent  agree¬ 
ment  between  the  observed  and  the  expected.  Barring  a 
dramatic  shift  in  forecast  accuracy,  these  tests  and  Pacilic 
operational  experience  with  most  of  the  important  model 
aspects,  suggest  the  model  will  perform  reliably. 
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NORFOLK,  VA  2351  I 

COMMANDER 

NAVOCEANCOM 

NSTL  STATION 

BAY  ST.  LOUIS,  MS  39529 

COMMANDER 

NAVOCEANCOM 

ATTN;  J.W.  OWNBEY,  N542 

NSTL  STATION 

BAY  ST.  LOUIS.  MS  39529 

COMMANDING  OFFICER 
NAVOCEANO,  LIBRARY 
NSTL  STATION 
BAY  ST.  LOUIS.  MS  39522 

COMMANDING  OFFICER 
FLENUHOCEANCEN 
MONTEREY,  CA  93940 

COMMANDING  OFFICER 
NAVWESTOCEANCEN 
BOX  113 

PEARL  HARBOR,  HI  96860 

COMMANDING  OFFICER 
NAVEASTOCEANCEN 
MCAOIE  BLOG.  (U-117) 

NAVAL  AIR  STATION 
NORFOLK.  VA  23511 

COMMANDING  OFFICER 
U.S.  NAVOCEANCOHCEN 
BOX  12  COMNAVMARIANAS 
FPO  SAN  FRANCISCO  96630 

COMMANDING  OFFICER 
U.S.  NAVOCEANCOHCEN 
BOX  31 

FPO  NEW  YORK  09540 

COMMANDING  OFFICER 

OCEANCOMFAC 

P.O.  BOX  85 

naval  air  station 

JACKSONVILLE,  FL  32212 

SUPERINTENDENT 
LIBRARY  REPORTS 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 

PRESIDENT 
NAVAL  WAR  COLLEGE 
ATTN;  LCOR  H.  E.  GI88S 
NEWPORT,  Rt  02840 

CHAIRMAN 

oceanography  dept. 

U.S.  naval  academy 
ANNAPOLIS,  MO  21402 


commander 

NAVAL  SSFETV  CENTER 
NAVAL  AIR  STATION 
NORFOLK,  VA  23511 

COMMANDER 

NAVAIR5Y5CO" 

ATTN;  LIBRARY,  AIR. 0004 
WASHINGTON,  DC  20361 

COMMANDER 

NAVAIR5YSC0M,  AIR-370 
WASHINGTON,  DC  20361 

COMMANDER 

NAVAIRSVSCOM 

MET.  SYS.  DIV.  .  AIR-553 

WASHINGTON,  DC  20360 

COMMANDER 

EARTH  A  PLANETARY  SCIENCES, 
CODE  3918 

NAVAL  WEAPONS  CENTER 
CHINA  lake .  CA  93S55 

COMMANDER 

PACMISTESTCEN ,  CODE  3250 
ATTN;  GEOPHYSICS  OFFICER 
PT.  MUGU,  CA  93042 

CHIEF  OF  NAVAL  EOUCAlION  A 
TRAINING 

NAVAL  AIR  STATION 
PENSACOLA,  FL  32508 

CHIEF  OF  NAVAL  AIR  TRAINING 
NAVAL  AIR  STATION 
CORPUS  CHRISTl.  TX  78419 

NAVAL  POSTGRADUATE  SCHOOL 
DEPT.  OF  METEOROLOGY 
MONTEREY  ,  CA  93940 

NAVAL  POSTGRADUATE  SCHOOL 
DEPT.  OF  OCEANOGRAPHY 
MONTEREY,  CA  93940 

NAVAL  POSTGRADUATE  SCHOOL 
LIBRARY 

MONTEREY,  CA  93940 

HEATHER  SERVICE  OFFICER 
0PEATI0N5  CODE  16 
MARINE  CORPS  AIR  STATION 
BEAUFORT.  SC  29902 

COMMANDING  GENERAL 
MARINE  CORPS  AIR  STATION 
ATTN;  WEATHER  OFFICE 
CHERRY  POINT,  NC  28533 

HEATHER  SERVICE  OFFICER 
MARINE  CORPS  AIR  FACILITY 
QUANTICO,  VA  22134 

COMMANDING  OFFICER 
MARINE  CORPS  AIR  STATION 
ATTN;  WEATHER  SERVICE  OIV. 
HQHQRON  OPERATIONS  DEPT. 
JACKSONVILLE,  NC  28545 

COMMANDER 

AWS/DN 

SCOTT  AFB,  IL  62225 

USAFETAC/TS 
SCOTT  AFB,  IL  62225 

3350TH  TECH  .  TRAINING  GROUP 
TTGU-H/5T0P  623 
CHANUTE  AFB ,  IL  61868 

AFGHC/OAPL 

OFFUTT  Are .  Nt  68113 
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3  UW/ON 

OFFUTT  AFB .  NE  6811  3 


AFGL/LY 

HANSCOM  AFB ,  HA  01731 
5UW/0N 

LANGLEY  AFB.  VA  23665 

OFFICER  IN  CHARGE 
SERVICE  SCHOOL  COMMAND, 

GREAT  LAKES 
DET.  CHANUTE/STOP  62 
CHANUTE  AFB.  IL  61868 

1ST  HEATHER  WING  (DON) 

HICKAM  AFB,  HI  96853 

AFOSR/NC 
BOLLING  AFB 
WASHINGTON,  DC  20312 

COMMANDING  OFFICER 

U.S.  ARMY  RESEARCH  OFFICE 

ATTN:  GEOPHYSICS  DIV. 

P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709 
DIRECTOR 

ATTN:  library  BRANCH 
TECH.  INFORMATION  CENTER 
U.S.  ARMY  ENGINEERS  WATERWAYS 
EXPERIMENT  STATION 
VICKSBURG,  MS  39180 

DIRECTOR 

DEFENSE  TECH.  INFORMATION 
CENTER.  CAMERON  STATION 
ALEXANDRIA,  VA  22314 

DIRECTOR 

OFFICE  OF  ENV.  *  LIFE  SCI, 

OFFICE  OF  THE  UNOERSEC.  OF 
DEFENSE  FOR  RSCH  i  ENG, 

(EiLS)  RM  30129 
THE  PENTAGON 
WASHINGTON.  DC  20301 

ROJFF-WLO 

ATTN:  LCDR  THOMAS 

RM.  lB-737.  THE  PENTAGON 

WASHINGTON,  DC  20301 

COMMANDANT 

U.S.  COAST  GUARD 

WASHINGTON,  DC  20226 

CHIEF.  MARINE  SCIENCE  SECTION 
U.S.  COAST  GUARD  ACADEMY 
NEW  LONDON,  CT  06320 

COMMANDING  OFFICER 
USCG  RESTRACEN 
YORKTOWN,  VA  23690 

COMMANDING  OFFICER 
U.S.  COAST  GUARD  OCEANO  UNIT 
WASHINGTON  NAVY  YARD 
BLDG.  I59-E 
WASHINGTON,  DC  20390 

COMMANDING  OFFICER 

USCG  RESEARCH  6  DEV.  CENTER 

GROTON.  CT  06340 

DIRECTOR.  SYSTEMS  DEVELOPMENT 

NUS/NnAA 

RM  1216  -  THE  GRAMAX  BLOG. 

8060  13TH  STREET 
SILVER  SPRING,  MD  20910 

development  DIVISION 
NATIONAL  meteorological  CENTER 
NWS/NOAA.  RM  2114 
WORLD  WEATHFR  ULCG.  W32 
WASHINGTON.  DC  20C3J 
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ACQUISITIONS  SECT.  IRDB-D823 
LIBRARY  t  INFO.  SERV.  DIV.  NOAA 

6009  EXECUTIVE  BLVO. 

ROCKVILLE .  MO  20852 

CHIEF,  MARINE  i  EARTH  SCIENCES 
L 1 BRARY 

NOAA,  DEPT.  OF  COMMERCE 
ROCKVILLE.  MD  20852 

NATIONAL  OCEANIC  6  ATMOS.  ADMIN. 
OCEANOGRAPHIC  SERVICES  DIV. 

6010  EXECUTIVE  BLVO. 

ROCKVILLE.  MO  20852 

DIRECTOR 

OFFICE  OF  PROGRAMS  RX3 
NOAA  RESEARCH  LAB 
BOULDER.  CO  80302 

DIRECTOR 

national  hurricane  center.  NOAA 
UNIV.  OF  MIAMI  BRANCH 
CORAL  GABLES,  FL  33124 

NATIONAL  WEATHER  SERVICE 
WORLD  WEATHER  BLOG. .  RM  307 
5200  AUTH  ROAD 
CAMP  SPRINGS,  MD  20023 

NATIONAL  CLIMATIC  CENTER 
ATTN:  L.  PRESTON  0542X2 
FEDERAL  BLDG.  -  LIBRARY 
ASHEVILLE.  NC  28801 

DIRECTOR 

NATIONAL  OCEANO.  DATA.  NOAA 
DEPT.  OF  COMMERCE 
ROCKVILLE,  MO  20852 

NATIONAL  HEATHER  SERVICE, 

EASTERN  REGION:  HFE3 
585  STEWART  AVE. 

GARDEN  CITY.  NY  11530 

CHIEF,  SCIENTIFIC  SERVICES 
HWS/NOAA.  SOUTHERN  REGION 
RM  10E09 

819  TAYLOR  STREET 
FT.  WORTH,  TX  76102 

NOAA  RESEARCH  FACILITIES  CENTER 
P.O.  BOX  520197 
MIAMI,  FL  33152 

METEOROLOGIST  IN  CAHRGE 
NWS  FORECAST  OFFICE 
TECHNOLOGY  II.  NOAA 
NEW  YORK  UNIVERSITY 
BRONX,  NY  10453 

DIRECTOR 

ATLANTIC  OCEANO  6  METEOR.  LABS. 
15  RICKENBACKER  CAUSEWAY 
VIRGINIA  KEY 
MIAMI,  FL  33149 

DIRECTOR.  ATLANTIC  MARINE  CENTER 
COAST  6  GEODETIC  SURVEY,  NOAA 
439  WEST  YORK  STREET 
NORFOLK,  VA  23510 

DIRECTOR 

AOML  NAT.  hurricane  RSCH.  LAB. 
1320  S.  DIXIE  HIGHWAY 
coral  gables,  FL  33146 

DIRECTOR,  international  AFFAIRS 
OFICE,  NOAA 
ATTN:  MR,  N.  JOHNSON 
6010  EXECUTIVE  BLVO. 

ROCKVILLE.  HO  208S2 

DIRECTOR,  DIV.  OF  ATMOS.  SCI. 
national  science  FOUNDATION 
RM  644 

1800  G  STREET.  NH 
WASHINGTON,  DE  20S50 


NASA  GODDARD  S 

PACE 

FLIGHT 

CENTER 

ATMOSPHERIC  SC 

lENCE 

1  lab 

GREENBELT,  MO 

20  7  7  1 

NASA  GODDARD  S 

PACE 

FLIGHT 

CENTER 

PRELIMINARY  SY 

STEMD 

DESIGN 

GROUP 

GREENBELT,  MD  20771 

EXECUTIVE  SECRETARY 

CAO  SUBCOMMITTEE  ON  ATMOS.  SCI. 

NATIONAL  SCIENCE  FOUNDATION, 

ROOM  510 

1800  G.  STREET  ,  NW 
WASHINGTON,  DC  20550 

FEDERAL  EMERGENCY  MANAGEMENT 
AGENCY  (FEMA) 

1725  I  STREET,  NW 
WASHINGTON,  DC  20472 

COLORADO  STATE  UNIVERSITY 
DEPT.  OF  ATMOS,  SCIENCES 
ATTN:  LIBRARIAN 
FORT  COLLINS,  CO  80521 

CHAIRMAN 

MASSACHUSETTS  INSTITUTE  OF  TECH. 
DEPT.  OF  METEOROLOGY 
CAMBRIDGE ,  MA  02139 

UNIVERSITY  OF  WASHINGTON 
ATMOSPHERIC  SCIENCES  DEPT. 
SEATTLE.  WA  98195 

FLORIDA  STATE  UNIVERSITY 
ENVIRONMENTAL  SCIENCES  DEPT. 
TALLAHASSEE.  FL  32306 

UNIVERSITY  OF  HAWAII 
DEPT.  DF  meteorology 
2525  CORREA  ROAD 
HONOLULU,  HI  96822 

TEXAS  AJM  UNtVS'SITY 
DEPT.  OF  METEOROLOGY 
COLLEGE  STATION,  TX  77843 

DIRECTOR  OF  RESEARCH 
UNIVERSITY  OF  ST.  THOMAS 
INSTITUTE  FOR  STORM  RESEARCH 
3812  MONTROSE  BLVD. 

HOUSTON,  TX  77006 

CHAIRMAN 

UNIVERSITY  OF  FLORIDA 

DEPT.  OF  METEOROLOGY  &  PHYSICS 

215  PHYSICS  BLDG. 

GAINESVILLE,  FL  32601 

DOCUMENTS/REPORTS  SECTION 
LIBRARY 

SCRIPPS  INSTITUTION  OF  OCEANO. 

LA  JOLLA,  CA  92037 

DIRECTOR 

OCEANOGRAPHIC  INSTITUTE 
OLD  DOMINION  UNIVERSITY 
NORFOLK,  VA  23508 

UNIVERSITY  OF  MIAMI 
R.5.M.A.5.  library 
4600  RICKENBACKER  CAUSEWAY 
VIRGINIA  KEY 
MIAMI,  FL  33149 

CHAIRMAN 

DEPT.  OF  ATMOSPHERIC  SCIENCES 
UNIV.  OF  VIRGINIA,  LLARk  hAll 
CHARLOTTESVILLE  .  VA  22903 

ATMOSPHERIC  SCIENCES  DEPT. 

UCLA 

405  HILGAPD  AVE . 

LOS  ANGELES,  CA  90024 
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COLORADO  STATE  UNIVERSITT 
DEPT.  OF  ATMOSPHERIC  SCIENCES 

library,  foothills  campus 

FT.  COLLINS.  CO  80523 

UNIVERSITY  OF  MARYLAND 
DEPT.  OF  METEOROLOGY 
COLLEGE  park,  MD  20742 

THE  EXECUTIVE  DIRECTOR 
AMERICAN  METEOR.  SOCIETY 
45  BEACON  STREET 
BOSTON,  HA  02108 

AMERICAN  METEOR.  SOCIETY 
MET.  A  GEOASTRO.  ABSTRACTS 
PO  BOX  1736 
WASHINGTON,  DC  20013 

DIRECTOR,  viTWC 
BOX  17 

FPO  SAN  FRANCISCO  96630 

WORLD  METEOROLOGICAL  ORG. 

ATS  DIVISION 
ATTN;  N.  SUZUKI 
CH-1211  .  GENEVA  20, 

SWITZERLAND 

BUREAU  OF  METEOROLOGY 
ATTN;  library 
BOX  IZaOK.  GPO 
MELBOURNE,  VIC.  3001 
AUSTRALIA 

DIRECTOR  OF  NAVAL  OCEANOGRAPHY 
A  meteorology 
MINISTRY  OF  OEFENCE 
OLD  WAR  OFFICE  BLDG. 

LONDON,  S.W.I .  ENGLAND 

METEOROLOGICAL  OFFICE  LIBRARY 

LONDON  RO.AO 

BRACKNELL,  BERKSHIRE 

RG  12  2SZ 

ENGLAND 

ministry  of  DEFENCE 
NAVY  DEPARTMENT 
ADMIRALTY  RESEARCH  LAB 
TEDOINGTON,  MIDDX 
ENGLAND 

typhoon  research  laboratory 

ATTN;  LIBRARIAN 
METEOROLOGICAL  RESEARCH 
INSTITUTE 

1-1  NAGAMINE,  YATABE-MACHl , 
TSUKUBA-GUN 

IBARAKI'KEN,  305.  JAPAN 

CIRECCION  GENERAL  OE  OCEANO- 
GRAFIA  SENALAMIENTO  MARITIMO 
MEDELLIN  NO.  10 
MEXICO,  7.  O.F. 

national  TAIWAN  UNIVERSITY 
DEPT.  OF  ATMOSPHERIC  SCIENCE 
TAIPEI  ,  TAIWAN  107 
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